Oxidizability of atherogenic low-density lipoprotein subspecies in severe familial hypercholesterolemia: impact of long-term low-density lipoprotein apheresis.
Oxidative modification of low-density lipoprotein (LDL) plays a key role in the pathophysiology of atherosclerosis. LDL-apheresis, which involves direct removal of plasma LDL from circulating blood, is an efficient treatment of homozygous familial hypercholesterolemia (FH). We evaluated impact of long-term LDL apheresis treatment on the atherogenicity of the major LDL subclasses (light, LDL1, and LDL2, density [d] 1.018-1.030 g/mL; intermediate, LDL3, d 1.030-1.040 g/mL, and dense LDL, LDL4 and LDL5, d 1.040-1.065 g/mL) separated by density gradient ultracentrifugation in severe FH patients. Therefore, we compared the oxidative resistance as well as the chemical and physical properties of each LDL subpopulation in the FH group with those in the corresponding LDL subfractions from normocholesterolemic control subjects. Both intermediate and dense LDL subfractions were significantly more resistant to copper-mediated oxidation in FH patients treated regularly by LDL-apheresis than their counterpart controls. The lag phases for LDL3, LDL4, and LDL5: 63.9+/-11.6, 55.8+/-1.2, and 47.2+/-6.5 min. in FH patients were significantly longer than those of the corresponding subfractions in normocholesterolemic controls (P <.01 for LDL3 and LDL5, P<.005 for LDL4). This protective effect was reflected in the delayed formation of biologically active lipid oxidation products such as oxysterols, lipid hydroperoxides, dienes, and dienals in the intermediate and dense LDL subfractions of FH patients. These findings may result from lower "seed" contents of lipid hydroperoxide (LOOH) detected as dienes in plasma LDL from apheresis-treated FH patients; indeed, baseline LOOH/diene contents in all 5 LDL subclasses from FH patients were significantly lower than those of the corresponding subclasses in normolipidemic subjects (P<.0005). On the other hand, the enhanced oxidative resistance of both intermediate (LDL3) and dense (LDL4 and LDL5) LDL subpopulations in FH patients could not be accounted for by any consistent modification in chemical composition or in lipophilic antioxidant content, although minor differences were observed between patients and controls in unsaturated fatty acid profile. In contrast, sphingomyelin content was enriched in FH LDL subclasses, potentially resulting in reduced penetration of the hydrophilic surface layer of LDL by oxygen radicals. We conclude that low concentrations of preformed lipid hydroperoxides and dienes, together with surface sphingomyelin enrichment, can account for the enhanced oxidative resistance of intermediate (LDL3) and atherogenic dense LDL (LDL4, LDL5) induced by long-term LDL apheresis in severe FH patients.